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1. Introduction  
One of the goals of Healthy People 2011 is to increase the quality of life and the years of 
healthy life of all citizens. As the life expectancy of people with Down Syndrome [DS] 
increases, changes in body function and structure due to ageing may lead to lead to activity 
limitations and participation restrictions for this population. The physical conditions seen in 
people with DS include endocrine dysfunction, cardiovascular disorders, obesity, and 
musculoskeletal disorders (Finesilver, 2002; Thompson, 1999). These physical problems can 
have a negative impact on the quality of life, regarding both professional and leisure 
activities.  
Compared with their peers who are not mentally retarded, individuals with DS, regardless 
of their age, have lower cardiovascular fitness levels (Horvat & Croce, 1995; Tsimaras et al., 
2003). This lower level of cardiovascular fitness may be the result of poor eating habits, a 
sedentary lifestyle, a lack of opportunity for recreational activities, a poor coordination, and 
a poor motivation for physical activity. In addition, the lack of cardiovascular fitness may be 
due to or caused by the high obesity rates observed among adults with mental retardation 
(Draheim et al., 2002). Poor cardiovascular fitness levels also may contribute to an increased 
risk of heart disease and stroke in adults with mental retardation (Sutherland et al., 2002). 
Therefore, involvement in cardiovascular conditioning programs would seem to be 
essential, however, can the cardiovascular fitness levels of these individuals, be improved 
with exercise, without major health risks?  
If exercise programs seem to be likely to improve the health of adults with DS, thereby 
increasing their quality of life and life expectancy, yet further research is needed to 
investigate the effects of exercise on adults, because some autonomic nervous regulations 
and endocrine adaptations are known to be inadequate in individuals with DS (Baynard et 
al., 2004; Figueroa et al., 2005; Iellamo et al., 2005; Gouloupoulou et al., 2006; Bricout et al. 
2008). 
2. Situation of the subject in international literature 
One hypothesis explaining the improvements in life expectancy of DS individuals is based 
on the physical stimulation and psychological standing of these subjects (Eberhard et al., 
1989; Draheim et al., 2002). Now, adults with trisomy 21 are living longer than previously 
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and individuals surviving into their sixth or seventh decade of life are encountered (Prasher 
& Krishnan, 1993). So, there is a need for an overall assessment of the health of adults with 
trisomy 21, and specifically as the sport activities helps improve the quality of life, and 
reduce risk factors, it seems important to know the possible effects of physical exercise on 
the health of these young people with Down syndrome. 
In this order, few studies have investigated cardiac and hormonal responses in patients with 
Down syndrome subjected to acute physical exercise (Murdoch, 1977; Murdoch et al. 1978; 
Fernhall & Otterstetter, 2003; Baynard et al., 2004; Iellamo et al., 2005; Figueroa et al., 2005; 
Gouloupoulou et al., 2006). The conclusions of these few studies show that there are 
inappropriate responses that lead to the appearance of early fatigue, a premature stop of the 
effort, and/or a limitation to the activity. It was previously suggested that fatigue during 
exercise, or at least premature stop or the incapacity to do prolonged physical exercise in DS 
subjects, may partly be explained by a dysfunction of the autonomic nervous system [ANS] 
(Baynard et al., 2004; Iellamo et al., 2005; Figueroa et al., 2005; Gouloupoulou et al., 2006).  
Secondly, others studies have investigated the hormonal adaptation’s in specific physical 
tests and the results of all these works agree to show that heart rate [HR] is lower (-7 to 15 
beats per minute) in DS individuals. Specifically, numerous studies hypothesized that the 
lower catecholamine responses (epinephrine and norepinephrine) in DS population to 
maximal exercise could explain the weaker heart rate (Fernhall et al., 2009).   
These observations are reinforced by the results of a work achieved by Eberhard et al., (1989, 
1991) and Bricout et al., (2008) evaluating catecholamine’s kinetics during and after exercise. 
These authors showed that the plasma concentrations of epinephrine and norepinephrine 
after an exercise on bicycle or on treadmill were lower in subjects with DS than in control 
subjects, and could partly explain the relatively low elevation of HR during exercise, named 
"chronotropic incompetence”. 
However, some others factors may explain the reduced aerobic capacity and the possible 
incapacity to long physical exercise in DS. If endocrine dysfunction, cardiovascular 
pathologies, obesity, and musculoskeletal disorders are now well established as limiting to 
do prolonged physical exercise, DS individuals were also not highly motivating to repeat 
exercise, which contributes to more easily adopt a sedentary lifestyle, because the effort can 
be quickly perceived as painful, difficult and without sense for them.  
The mechanisms of exercise intolerance in trisomy 21 require further consideration and in 
particular the relationship between the sympathetic nervous system, hormonal system 
which its importance in the adaptation effort is crucial. 
Thus, many studies confirm that DS subjects present some endocrine diseases, such as 
diabetes, hypothyroidism, and insulin resistance ... (Murdoch, 1977; Murdoch et al. 1978; 
Sharav et al., 1991; Sasagawa et al., 1993; Konings et al., 2001). In a study conducted at the 
University Hospital of Grenoble between 2003 and 2005, on 14 young adults with trisomy 
21, some of these endocrine disorders at rest (hypothyroidism and hypogonadism) were 
confirmed. 
During muscular effort, it was shown that the responses of the adrenal axis (cortisol and 
catecholamine) and gonadal axis (testosterone) especially are the most affected when 
exercise is prolonged. Indeed, with exercise, the elevated catecholamine response, classically 
described in healthy subjects (Galbo, 1985) is lower in DS patients, and it can be suggested 
that the decreased response of catecholamine during effort in DS subjects explains the lesser 
capacity of these subjects to perform a muscular exercise which intensity and duration rise 
(Nagaoka et al., 1996; Fernhall & Otterstetter, 2003,). 
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In addition, some studies show that in patients with Down syndrome without adrenal 
insufficiency, basal cortisol is always lower (Murdoch, 1977; Murdoch et al. 1978). The 
pathogenesis of this observation remains difficult to explain, although it may have metabolic 
and physiological implications. During muscular exercise, the elevation of plasma cortisol, 
classically described in healthy subjects does not occur in DS subjects (Eberhard et al., 1993; 
1996). Several hypotheses may be advanced to explain this fact: 
 insufficient effort in intensity and / or duration, for subjects with trisomy are very 
reluctant to make long efforts, 
 a possible adrenal dysfunction, which yet, remains unlikely (Konings et al., 2001). A 
more general dysfunction of the hypothalamic-pituitary-adrenal could exist, but the 
lack of studies on the regulation of secretion of CRF and ACTH in Down syndrome 
does not allow us to reverse or confirm this hypothesis. If dys-regulation of the HPA 
axis to stress in DS individuals partly explains the difficulty to use free fatty acids as 
energy substrates, there may be other endocrine factors directly related to adipose 
tissue, such as leptin, or in connection with the gonadotropic through testosterone, and 
its lipolytic action (Galbo, 1985). 
Moreover, Bricout et al., (2008) show that DS subjects are characterised by an absence of 
elevated glycaemia during prolonged exercise, contrary to what is observed in healthy 
controls (Galbo, 1985). In addition, the concentration of lactatemia rises less than in controls 
suggesting that the peripheral utilisation of glucose is impaired. Therefore, it seems highly 
relevant to examine whether the gluco-regulation during exercise is impaired by a 
dysfunction of the autonomic nervous system response and / or impaired secretion of 
catecholamines and / or balance insulin / glucagon imbalance; and to know its impact on 
exercise capacity.  
Furthermore, results of maximal exercise test show that 4 in 14 subjects presented 
chronotropic incompetence, and that these patients have an altered metabolic profile 
(increased fat mass, alterations in leptin, insulin, cortisol and plasma catecholamine at rest 
and during exercise) suggesting the close link between chronotropic incompetence, 
abnormal metabolic profile and endocrine regulation. These points deserve to be confirmed 
by future studies. 
Recently, Fernhall et al., (2009) have conducted a study on catecholamine response to 
maximal exercise in persons with Down syndrome. This work reported an adrenergic drive 
largely absent in DS group, even though a sharp increase in catecholamine at high exercise 
intensities is largely responsible for increase in HR above the anaerobic threshold. In 
conclusion, the authors showed significant differences in baroreceptor sensitivity between 
individuals with and without DS, but not between DS compared with controls, suggesting 
that altered baroreceptor sensitivity does not fully explain the blunted HR response in DS 
population. 
3. Exercise limitations and chronotropic incompetence 
Meanwhile, investigation methods of the sympathetic nervous system are now well known 
and described in literature to be applied in this context (Nagaoka et al., 1996; Grote et al., 
2004; Gouloupoulou et al., 2006). The measurement of heart rate variability is a non invasive 
method to assess both parasympathetic and sympathetic nervous activities (Task Force, 
1996). The application of this method has revealed abnormalities associated with abnormal 
fatigue in athletes (Furlan et al., 1993). It has recently been used in trisomy 21 at rest, 
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exercise and orthostatic tests (Baynard et al., 2004; Fernhall et al., 2005; Iellamo et al., 2005; 
Figueroa et al., 2005).  
The common hypothesis found in literature is that the individual with Down syndrome, has 
a reduced exercise capacity associated with chronotropic incompetence, expressed by 
maximum heart rate values (HRmax) decreased in response to a standardised exercise 
(Fernhall et al., 2001). Because peak exercise HR is correlated with age, the traditional 
approach has been to consider a patient as chronotropically incompetent when 85% of the 
age-predicted HR is achieved (Lauer, 2004). This measure is still confounded (Lauer et al., 
1996) by resting HR and functional capacity, and Wilkoff & Miller, (1992) proposed the 
concept of HR reserve which is the difference between maximal predicted HR (or 220 beats 
/min minus the patient’s age) and resting HR. Failure to use 80% of HR reserve constitutes 
chronotropic incompetence (Lauer et al., 1996).  
In DS population, reduced HR response to prolonged exercise has been identified as the 
primary contributor to the low physical work capacity and cardiorespiratory fitness 
(Fernhall et al., 1996; 2001), but chronotropic incompetence is also an independent predictive 
factor of sudden death even in adult DS population without underlying coronary heart 
disease. Although it is debated (Guerra et al., 2003); understand the chronotropic 
incompetence in DS may be clinically relevant because it could partially explain the higher 
incidence of premature cardiac death in this population (Day et al., 2005).  
Nevertheless, the mechanism of this alteration of cardiac response remains unknown, 
although dysregulation of the ANS appears to be the most probable explanation, by a 
decrease in sympathetic stimulation during exercise, and vagal tone incompletely removed 
(Fernhall et al., 2000; 2001). The rise in heart rate, normally induced by the removal of vagal 
inhibition and a gradual increase in sympathetic activation, is lower in DS population 
during a muscular effort (Fernhall & Otterstetter, 2003). This autonomic dysfunction has 
been studied by Figueroa et al. (2005) who used the HR variability [HRV] to explore the 
autonomic modulation of the sinoatrial node at rest and during exercise. Spectral 
components of HRV analysis in the low frequency [LF] and high frequency [HF] bands 
reflect sympathetic activity [LF/HF ratio] and parasympathetic tone [HF spectrum] (Task 
Force, 1996). These authors report an attenuated HR in individuals with DS due to blunted 
vagal withdrawal.  
The results of these studies show significant abnormalities of ANS, with an observed 
increase in parasympathetic tone at rest (Baynard et al., 2004) a decrease of sympathetic 
stimulation during stress and during the tilt test, evoke a possible recall impaired baroreflex 
(Fernhall et al., 2005).  
So, the mechanism responsible for the impairment of the autonomic cardiac regulation in DS 
population remains unclear. Even if the dysfunction of the ANS and /or the hormonal 
system is the main areas of research, we can also suggest that neurological damage are 
involved in the impairment of this cardiac regulation. The consistent findings of 
abnormalities in brain stem auditory evoked potentials, failure of growth and maturation in 
the brain from an early age, with loss of neurons and dentrites, and damage to the 
neurotransmitter system would provide the anatomic substrate for the autonomic 
dysfunction occurring at a central, brain stem site as a result of the genetic disorder (Yates et 
al., 1980; Mann et al., 1985; Wisniewski, 1990). 
In the future, this dysfunction of the ANS must be supplemented by further investigations 
to better understand the possible mechanisms, especially through the involvement of 
hormonal factors. 
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4. Exercise limitations and obesity 
One of the characteristics of the person with trisomy 21 is the propensity for becoming obese 
(Murray & Ryan-Krause, 2010). It affects between 15 and 20% of children and develops in 
most cases early in age; some studies have shown that nearly 10% of the children with 
Down syndrome were already located beyond the 95° percentile at 4 years old (Beange et al., 
1995). The development of physical activity in the management of the obesity of young 
Down syndrome could play a major role. Indeed, the benefits of physical activity (combined 
with dietary measures) on cardiovascular risk have been clearly demonstrated in these 
populations, whether they live in special centers or in a family environment (Draheim et al., 
2002; Montgomery et al., 1988). 
Thus, in the general population, as in that of Down's syndrome, cardiovascular risk factors 
are associated with metabolic abnormalities, which are grouped under the generic common 
name 'metabolic syndrome' (Grundy et al., 2000). Among these metabolic abnormalities we 
can note a decrease in insulin resistance and excess body fat. Being overweight or obese can 
increase insulin resistance, which is characterised by a lack of insulin to stimulate glucose 
uptake by peripheral tissues and muscles, even though the plasma insulin concentration is 
abnormally high. The numerous endocrine studies showed that hyper-insulinemia 
stimulates the sympathetic nervous system, as is found in obese subjects (Monroe et al., 
2000). This activation of the sympathetic nervous system is paradoxical, because it is part of 
a vicious circle in which there is a desensitisation of adrenergic signalling pathways (Lohse, 
1996) hence a decrease in energy expenditure easing body fat storage. Simultaneously, this 
activation of the sympathetic nervous system adrenergic effects on the heart, blood vessels 
and kidneys promotes the development of hypertension. All these factors contribute highly 
to rise cardiovascular risk factors. 
However, the factors restricting the effort in obesity are still insufficiently explored, 
especially for subjects with a mental disability. It seems that the place of regular physical 
activity in this population is highly relevant, especially since many studies have shown 
smaller performance in trisomy 21 (Pitetti & Tan, 1991a; Pitetti & Campbell, 1991b; Guerra et 
al., 2003; Fernhall & Otterstetter, 2003). The reasons for this disability to exercise are not 
clear and may reflect an insufficient stimulation (motivation problem) and / or the onset of 
fatigue induced by a limitation of use of energy substrates during prolonged exercise 
(Bricout et al., 2008) or to increased oxidative stress (Flore et al., 2008). 
In adults, excess body fat may induce inflammation called 'low grade' and excessive 
oxidative stress (Wellen & Miller, 2005). Adipose tissue, then produce pro-inflammatory 
cytokines that alter insulin sensitivity. On the other hand, an inverse relationship between 
fitness level and markers of inflammation (high-sensitivity CRP) suggest a protective role of 
physical activity. Thus, the decrease in circulating CRP in regular physical activity suggests 
that it may limit this low-grade systemic inflammation (Oberbach et al., 2006). The effects of 
acute exercise have also been clearly demonstrated on the action of TNF- (suppressive 
effect). Thus in young Down syndrome often over-weight and with a high percentage of 
body fat, the study of low-grade inflammation, its relationship with insulin sensitivity, 
biological markers of metabolic risk and cardiovascular inactivity and fitness need to be 
clarified. Several authors have demonstrated the positive impact of endurance exercise 
training on these markers. This reduced level of sensitivity CRP could reach 40% and was 
distinct from body composition and the level of initial CRP (Colbert et al., 2004). The 
checking of such a systemic effect in favour of a specific population "at risk" is therefore 
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highly pertinent. This reduction in plasma levels of inflammatory markers may represent a 
relevant therapeutic target. 
5. Hormonal results during physical exercise in people with Down syndrome 
and possible link with an exercise limitation?  
Historically, people with intellectual disabilities have long been away from sports 
associations. Then gradually, with the development of adapted physical activities, 
awareness of the benefits of such control on health has raised, and attitudes to integrate 
these people have evolved (Eberhard, 2006). The first work that reports on the involvement 
of subjects with mental disabilities in sport is those of Bell and colleagues in 1977, 
demonstrating the feasibility of integrating these people into sport. In the following decade, 
many studies will have demonstrated that training and regular codified sports practices are 
not only possible but present real health benefits (Pitetti et al., 1989; 1991a; 1991b; 1993; 
Draheim et al., 2002). In this analysis, we must differentiate the effects of practice on health 
indicators (e.g. on body fat, the risk of obesity ...) from indicators of performance, not 
specifically looked for in this context. 
Thus, for subjects with trisomy 21, regular physical activity can for example: 
 promote fat loss, and positively influence lipid parameters (cholesterol, lipoproteins; 
(Eberhard et al., 1993)) 
 reduce the risk of developing diabetes (Marliss & Vranic, 2002; McGavock et al., 2004) 
 reduce the risk of developing hypertension (Fernhall et al., 2001) 
 help perform long-term efforts. 
For twenty years, the department of Sports Medicine, at the hospital of Grenoble, has been 
focusing on hormonal adaptations during exercise in young trisomy 21. Early works 
attached in 1989 (Eberhard et al., 1989) tested the effects of a short physical exercise on a 
cycle ergometer to evaluate the physical abilities of young DS teenagers. These preliminary 
results showed that DS subjects had a less important physical ability to make efforts not 
only because of a lack of motivation or behavioural problems, but also a possible 
cardiovascular dysfunction. Two years later the major result led, to propose further 
investigations on the relationship between "the biochemical adaptations and catecholamine 
responses after a maximum incremental exercise in these young DS teenagers (Eberhard, et 
al., 1991). This study has highlighted that exercise performed by young DS individuals is 
reflected by elevated plasma catecholamine lower than that traditionally seen in control 
subjects, also correlated with a maximum heart rate always lower than control subjects at 
the end of exercise. The hypothesis of a blunted adrenergic response in this population 
therefore emerged. In 1993, a new study was proposed in the department with the aim to 
assess metabolic parameters at rest then an effort, but also and after 12 weeks of training, the 
idea was to make the possible link with adaptive responses to exercise (Eberhard, et al., 
1993, 1996, 1997). The results obtained in these studies confirmed the previous ones results, 
but also demonstrated that endurance training over a period of three months led to a better 
balance of lipid profile frequently observed to be abnormal in a sedentary population with 
Down syndrome. 
This promotion of physical activity has becomes a real concern for this specific population. 
Relayed by local associations, it has given rise to a major support of young Down syndrome, 
involving them more in physical activities. Over the last years, adaptive sports clubs which 
include a large population of mentally handicapped people, have regularly organized 
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weekly training sessions that allow these young people to compete at a national level, and 
some of them achieve excellent results. These benefits had an immediate impact, improving 
measurable physiological parameters during exercise testing. 
For example, in a last study proposed in 2002 in France (Grenoble), VO2max values (gold 
index of aerobic fitness) obtained by a  group of young DS adults, are excellent (44.2 ± 3.0 
ml.min-1.kg-1 - Min = 39 Max = 60). For higher values, some young DS subjects get even 
better results than some control subjects of similar age. However, in this work, hormonal 
and metabolic investigations have shown that DS subjects present some alterations in 
adaptive response to maximal and sub-maximal exercise. Specific factors appear to be 
associated with result, such as obesity, a high percentage of body fat, hyper-insulinemia, 
and hyper-leptin levels (Bjorntrop & Rosmond, 2000). During the sub-maximal exercise, 
hormonal responses of young DS adults (cortisol, catecholamine) do not follow the observed 
rise in controls, whereas these adaptations allow glycolysis, gluconeogenesis and lipolysis 
when muscular exercise continues.  
This result is expressed in a moderate elevation of blood glucose and HR, which could 
explain why people with Down syndrome can not continue muscular effort even at levels 
below maximum (Bjorntrop & Rosmond, 2000; McMurray & Hackney, 2005). This is also 
confirmed by low values of lipid oxidation in DS group and may be related to lower VO2max 
for these subjects, and by free fatty acids values that remain high, suggesting that peripheral 
utilisation of lipids is insufficient when intensity and duration of the effort increases. 
Compared with controls, hormonal responses to exercise in young adults with trisomy 21 
were thus attenuated, which could explain cardiovascular and metabolic limitation of these 
subjects to continue muscular exercise (Bricout et al., 2008; Flore et al., 2008). The aim of 
these two studies was to analyse if hormonal responses could explain an exercise limitation 
in DS, and if it exist an oxidative stress in this population. DS is a risk factor for metabolic 
syndrome and cardiovascular disease. The greater oxidative stress described in DS can 
increase this risk owing to its potential deleterious effects on insulin sensitivity. We 
hypothesised that metabolic syndrome or its markers, at rest and during exercise, are more 
pronounced in young adults with DS. 
Fourteen young men with DS (mean age 22.5 ± 0.7 years) took part to the study. During a 
treadmill sub-maximal incremental test, blood samples were collected for determination of 
hormonal and metabolic variables.  
Compared to controls, DS individuals showed lower VO2max (60.8 ± 2.4 versus 44.4 ± 3.3 
ml.min-1.kg-1respectively; P < 0.05) but it was close to the predicted value (95 ± 6%). They 
presented a lower duration of sub-maximal incremental exercise (P<0.001).  
At rest, DS individuals showed greater catecholamine, insulin and leptin values (P<0.05), 
but lower testosteronemia and cortisolemia (P<0.05) compared to controls. During sub-
maximal incremental tests, catecholamine and cortisol did not increased, whereas the 
insulin concentration of DS individuals was significantly higher (P<0.01) compared to 
controls. Glycaemia increased significantly at the end of sub-maximal incremental test for 
controls but not for DS individuals (P<0.01). In DS participants, as expected, oxidative stress 
was greater than in controls (+ 15%; P<0.001) at rest and throughout the exercise protocol. 
Although a greater fat mass (DS: 19.9 ± 1.3%; controls: 13.5 ± 0.9%; P<0.001), and a lower 
insulin sensitivity (HOMA-IR DS: 1.09 ± 0.16; HOMA controls: 0.64 ± 0.13; P<0.05) was 
observed for DS participants, a metabolic syndrome could not be shown. Maximal fat-
oxidation rate was lower in DS participants (DS = 394.2 ± 69.9 versus controls = 486.1± 134.8 
mg.min-1; P <0.01) but it was in the normal range. 
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These endocrine and metabolic profiles at rest and during exercise may limit endurance 
performance in DS individuals. 
So now, the aim of our research team is to assess chronotropic adaptation to exercise in non 
obese young physically active adult males with DS and its relationships with exercise 
tolerance and catecholamine response. In a preliminary study, fourteen DS and healthy age-
matched controls initially performed a graded maximal exercise test. Chronotropic 
incompetence (CI) was characterised if less than 80% of the chronotropic reserve was 
achieved.  
Only four DS subjects (28%) had CI whereas none in controls. DS with CI showed exercise 
intolerance with HR peak and peak oxygen uptake lower than those without CI. Conversely, 
DS with CI had impaired epinephrine and norepinephrine responses to exercise. The 
association between CI, exercise intolerance and impaired catecholamine response in a 
subgroup of DS, indicate that biological effects of catecholamine are necessary for 
optimising acute exercise adaptations. Nevertheless, the results suggest that reduced 
chronotropic response and aerobic power in DS without CI are likely to be due to the 
metabolic consequences of fat mass excess and inherited oxidative stress rather than to 
impaired catecholamine drive. 
However, the results of that work are still being acquired and it will be necessary to obtain 
results on a more important number of subjects to confirm our current results.  
6. Interest of the promotion and guidance of an active lifestyle in populations 
with specific needs such as Down Syndrome  
Direct assessment of health 
There is no pharmacological treatment for trisomy 21. Nevertheless, the knowledge of 
physiological and biological parameters of trisomy 21 by means of studies based on 
protocols of effort is an original path that could bring: (1) load response adapted to the daily 
lives of subjects with trisomy 21, (2) results directly applicable to the health of these subjects 
(treatment of endocrine diseases, nutritional advice, and rehabilitation training ...). 
By promoting a physically active life, as it has been shown in various reports across the 
Atlantic (A Report of the Surgeon General. U.S. Department of Health & Human Services, 
1996) a reduction in health costs is logically expected for all categories of "persons with 
special needs”, usually victims of the adverse effects of inactivity. The qualitative 
accompanying aging people with disabilities, is an important goal for our wealthy societies. 
The basic criteria for this support which actually extends from childhood to old age, is 
provided by professionals who educate, guide and look after these populations. These 
professionals should benefit from the results of this completed investigation on the effects of 
physical activity. Indeed, while renewing their knowledge and professional practices, they 
should be able to provide better care, better quality of life and even better end of life for all 
the elderly, disabled or not. 
In addition, regular physical activity is widely recognised as a means of improving the 
health and the quality of life of people with disabilities. These benefits have already been 
demonstrated, at least temporarily. Over the last decade, the advanced educational media 
have helped give these people a more active lifestyle that has immediately impacted on their 
recognition and social integration. But as physical exercise is considered as a stress, 
questions remain as to the metabolic and hormonal adaptations of these DS subjects. 
www.intechopen.com
 
Endocrine and Autonomic Nervous Adaptations during Physical Exercise in Down Syndrome  
 
267 
Similarly, long-term benefits of an active lifestyle, with a perspective of delaying the ageing 
of the person to maintain a certain level of mental and physical well-being, must be better 
identified. 
Propositions could be considered, and should aim at finding the best conditions (nature, 
intensity, frequency) of an intervention based on physical activity among this specific 
population. It seems likely that the physical training of people with trisomy 21 should be 
scheduled, monitored and controlled in order to derive benefits for their health and quality 
of life.  
In this context, Rimmer et al., (2004) have shown that a combined resistance and aerobic 
training program can improve physical fitness in this population; however, it remains 
unclear whether this transfers to improved performance on functional tasks of daily living.  
Persons with DS have also reduced muscle strength and muscular endurance compared 
with their peers without disability and also compared with their peers with an intellectual 
disability but without DS (Croce & Horvat, 1992). Muscle weakness can also impact the 
ability of DS subjects to perform everyday activities, such as walking, maintaining balance 
while standing, and achieving all the movements of daily life. Further, because their 
workplace activities typically emphasize physical rather than cognitive skills, decreased 
strength can negatively impact the vocational and social development of adults with DS in 
the workforce. It has been shown that resistance training can improve work productivity in 
individuals with intellectual disability (Croce & Horvat, 1992). It might be expected that 
adults with DS have difficulty taking part in or being motivated to continue with a 
progressive resistance exercise program. Compliance with a training program can be very 
variable depending on the intellectual disabilities. To obtain a positive impact, it is necessary 
that the training program appeared to be a safe intervention for people with DS. No major 
adverse events should be reported by the participants, their families, or the fitness trainers 
involved in the program, during or after the training sessions.  
To support the opinion that the activity is required in DS population, Heyne et al. (1997) have 
shown that the absence of a meaningful leisure program will foster maladaptive or aggressive 
behaviours. These authors point out the significance of leisure programs but also the 
importance of physical activities which will expand the social network, promote friendships 
and, introduce a sense of autonomy. Songster et al. (1997) reinforce this argument and 
emphasise that consistent training and sports competition in Special Olympics are essential to 
the physical, mental and social developments of young person with Down syndrome.  
7. Conclusion  
Children and young adults with Down syndrome have the opportunities to learn the 
different aspects of physical education and thus the means to become a physically educated 
person. They are capable of learning sports techniques, can progress, and participate in 
sports competition.  
Nevertheless, physical activities need to be carefully taught and chosen for their fitness 
benefit. It is necessary to encourage enough recreational activities to maintain a sufficient 
motivation, so physical educational programs for this specific population should include all 
activities to learn, to understand both kinaesthetically and cognitively movements and 
abilities. Finally, the physical activity becomes enjoyable, social, repeatable, valued for its 
own sake, and we contribute to the formation of autonomous adults, physically active and 
educated. 
www.intechopen.com
  
Genetics and Etiology of Down Syndrome 
 
268 
  
age FC rest FC peak VO2 peak SBP
Authors Review years bpm bpm ml/min/kg mmHg
Baynard et al., (2004) Arch. Phys. Med Rehabil. 20,8 +/- 0,9 71 +/- 3,4 161 +/- 5,3 27,4 +/- 1,8 nd
Baynard et al., (2008) M.S.S.E 25 +/- 2 nd 167 +/- nd 24  +/- nd nd
Bricout et al., (2008) J. NeuroEndocrinol. 22,5 +/- 0,7 57,7 +/- 3,7 180 +/- 2 44,2 +/- 3,04 116,0 +/- 2,8
Draheim et al., (2002) Mental Retard. 34,5 +/- 10,0 nd nd nd 111,4 +/- 13,6
Eberhard et al., (1989) J. Ment. Defic. Res. 14,8 +/- 2,2 67,1 +/- 12,6 123,6 +/- 19,7 47,6 +/- 8,1 107 +/- 14,6
Eberhard et al., (1997) Adapt. Phys. Activ. Quater. 17,5 +/- 1,7 nd 162,2 +/-   18,9 48 +/- 1 nd
Fernhall et al., (1996) M.S.S.E 26,7 +/- 5,9 nd 164 +/- 14,4 27,6 +/- 6,4 nd
Fernhall et al., (2003) J.A.P 23,8 +/- 1,8 66,4 +/- 4,6 154, +/- 4,2 18,1 +/- 1,6 112,2 +/- 6,6
Fernhall et al., (2005) Arch. Phys. Med Rehabil. 25,1 +/- 7,3 72,5 159 +/- 16,8 19,7 +/- 6,4 117,5  +/- nd
Fernhall et al., (2009) Am. J Cardiol. 24 +/- 7 nd 170 +/- 10 27,3 +/- 5,6 nd
Figueroa et al., (2005) Clin. Auton. Res. 27,8 +/- 8,1 76 +/- 3 nd nd 115 +/- 4
Guerra et al., (2003) Arch. Phys. Med Rehabil. 24,3 +/- 3,5 69,0 +/- 11,2 165,0 +/- 14,7 31,9 +/- 6,6 nd
Gouloupoulou et al. (2006) Am. J. Ment. Retard. 24 +/- 0,9 70 +/- 1,5 162 +/- 2,4 24,5 ++/- 1,0 nd
Hefferman et al., (2005) M.S.S.E 25 +/- 2,4 72 +/- nd nd nd 106,1 +/- 2,9
Iellamo et al., (2005) Am. J. Physiol. 26,3 +/- 2,3 nd nd nd 116,1 +/- 2,7
Mendonca et al., (2011) Arch. Phys. Med Rehabil. 36,5 +/- 5,5 69,6 +/- 12,2 167,6 +/- 19,1 31,7 +/- 7,9 nd
Mendonca et al., (2011) Res. Dev. Disabilities 34,9 +/- 1,1 71 +/- nd 171,5 +/- 4,9 30,4 +/- 2,1 nd
Millar et al., ( 1993) M.S.S.E 18,4 +/- 2,9 nd 172,8 +/- 15,1 26,95 +/- 7,92 nd
Rimmer et al., (2004) Am. J. Ment. Retard. 40,6 +/- 6,5 nd 133 +/- 21 14,7 +/- 4,5 nd
Tsimaras et al., (2003) Percept. Motor Skills 24,7 +/- 2,7 nd 181,0 +/- 3,8 30,5 +/- 4,3 nd
CARDIOVASCULARA DATA
 
nd : not determined, SBP : systolic blood pressure.  
 
Table 1. Cardiovascular data.  
 
 
 
Authors Review
Baynard et al., (2004) Arch. Phys. Med Rehabil. 20,8 +/- 0,9 1264,1 +/- 226,2 ms
2 1418,1 +/- 268,6 ms2 1,81 +/- 0,42
Figueroa et al., (2005) Clin. Auton. Res. 27,8 +/- 8,1 5,4 +/- 0,2 ln.ms
2 6,3 +/- 0,2 ln.ms2 1,18 +/- 0,06
Iellamo et al., (2005) Am. J. Physiol. 26,3 +/- 2,3 51,3 (35,5 to 59,4) n.u 34,6 (27,4 to 49,9) n.u nd
Gouloupoulou et al. (2006) Am. J. Ment. Retard. 24 +/- 0,9 6,93 +/- 0,12  ln.ms
2 6,57 +/- 0,16 ln.ms2 0,35 +/- 0,11 ln.ms2
Mendonca et al., (2011) Res. Dev. Disabilities 34,9 +/- 1,1 6,8 ln ms
2 5,8 ln ms2 1,1
LF/HF
A.N.S DATA
LF HFage (years)
 
LF: low frequency power expressed in ms2 or ln ms2 or n.u (normalised units) 
HF: high frequency power; LF/HF ratio reflected the Autonomic Nervous System balance 
(sympathetic/parasympathetic).  
 
Table 2. Autonomic Nervous System Data. 
 
 
 
Authors Review
Sakadamis et al., (2002) Eur. J. Obstetr. Gynecol 26.4 +/- 3.9 31.26 +/- 14.1nmol/L nd nd nd
Suzuki et al., (2010) Int. J. Urol. 28 (15 - 54) 3.68 +/- 1.34 ng/mL nd nd nd
Bricout et al., (2008) J. NeuroEndocrinol. 22.5 +/- 0.7 15.45 +/- 1.63 nmol/L 6.33 +/- 0.93 mUI/L 4.35 +/- 0.11 pmol/L 16.22 +/- 0.60 pmol/L
Oliveira et al., (2002) J. Pediatr (Rio J) 3.4 +/- 1.8 nd 7.2 ± 4.2 μU/mL 9.8 ± 2.1 ng/dL 1.7 ± 0.4 ng/dL
Murdoch et al., (1977) J. Clin. Endocrinol. Metab adults nd 7.6 +/- 10.7 mU/L 1.61 +/- 0.47 nmol/L 69.1 +/- 22.2 nmol/L
Konings et al., (2001) Eur. J. Endocrinol. 1.5 to 13 nd 6.5 +/- 1.3 mU/L 14.3 to 18.5 pmol/L
TSH T3 T4 
ENDOCRINE DATA
age (years) Testosterone
 
TSH: thyroid stimulating hormone; T3: tri-iodothyronine; T4: thyroxine; nd : not determined, 
 
Table 3. Endocrine data. 
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age cortisol (rest) Epinephrine NorEpinephrine Epinephrine NorEpinephrine
Authors Review years nmol/L rest (pmol/mL) rest (pmol/mL) post ex (pmol/mL) post ex (pmol/mL)
Murdoch et al., (1979) J. Ment. Defic. Res. 39 (22 - 57) 476.6 +/- nd
Bricout et al., (2008) J. NeuroEndocrinol. 22.5 +/- 0.7 365.1 +/- 14.7 0.67 +/- 0.14 3.62 +/- 0.53 1.19 +/- 0.22 10.21 +/- 2.64
Eberhard et al., (1991) J. Ment. Defic. Res. 17.5 +/- 1.7 nd 0.38 +/- 0.23 1.08 +/- 0.78 0.92 +/- 0.41 6.32 +/- 3.41
Eberhard et al., (1997) Adapt. Phys. Activ. Quater. Boys: 18 +/- 1.7 nd 0.45 +/- 0.3 1.3 +/- 0.9 1 +/- 0.45 6.4 +/- 4.4
Eberhard et al., (1997) Adapt. Phys. Activ. Quater. Girls: 16.7 +/- 1.5 nd 0.4 +/- 0.3 0.63 +/- 0.25 0.78 +/- 0.3 6.9 +/- 1.6
ENDOCRINE DATA
 
TSH: thyroid stimulating hormone; T3: tri-iodothyronine; T4: thyroxine; nd : not determined, 
Table 4. Endocrine data. 
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